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JODXCAL WZSB 
Field of thm Tnv^n^^^n 
This Invention relates to aetal Mdlcal cojiponents 
5 to be uaed inside the body, sueh as aedieal viree used, 
for exaaple, in guldewires, filter., and other nedical' 
devices. 

Baekaround at feh^^ X"v«n»<^^ 
Noninvasive aedlcal procmlures reduce the risk of 
10 surgery by introducing medical devices to a body cavity 
through small incisions or body orifices. The devices 
are carefully designed so that they may be controlled 
from the proximal end remaining outside the body to carry 
out the required treatment at the desired location inside 
15 the body. In one of the most common noninvasive 

techniques, angiography, a device, such as a guidewire, 
balloon angioplasty catheter or the like, is advanced and 
torqued at its proximal end to steer the device through a 
blood vessel to the position of an occlusion at which 

20 point a medical procedure such as balloon angioplasty 
and/or positioning of an endoprosthesis is carried out. 

Typically, x-ray fluoroscopy is used to view the 
medical device within the body cavity to monitor 
placement and operation. The device may also be viewed 

25 by X-ray film after placement. To use these techniques, 
particularly with small devices which may be difficult to 
view, the medical device must include some radiopaque 
material, more dense than the surrounding tissue, to 
provide sufficient contrast on an X-ray image. A highly 

30 dense, and therefore particularly radiopaque, metal is 
usually incorporated with the portion of the medical 
device used inside the body for this purpose. 

_ gin— ^ Tnv^^,^QT, 

In interventional medicine, wires can be used for 
35 a variety of purposes such as tracking, stenting, 
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filtering, conducting (elactric currant, ultrasound 
^•rqy, etc*} and aarXing. De«ixatol« attributes of th«s« 
viraa vary vlth application, tout include propartias such 
as stiff nass, tansila atrangth, alasticity, radiopacity, 
5 valdability, flaxural lifa, conductivity, ate. Thasa 
propartias ara hard to find in singla-^tarial 
constructions. It is possibla to achiava optiaua 
propartias by craating a oultipla aatarial coaxial 
construction. In aadleal viras, for axaapla, it can ba 

10 vary dasirabla to hava high radiopacity along vith 
alasticity and strangth. This aay ba acco^lishad by 
combining a radiopaqua aatarial vith an alastie matarial. 
Although it is possibla to put aithar matarial on tha 
insida or outsida, it would ba prafarabla to put tha 

15 dansa radiopaque aatarial (a.g., tantalua) on tha insida 
(cora) sinca dansa aatariala ara ganarally lass alastie 
and tha alastie aatarial (a.g., titaniua or niekal- 
titaniua alloy) on tha outsida (clad). Tha clad or 
"sJcin" of tha vira will undargo mora daforaation in 

20 banding than tha cora, so tha alastie coaponant is bast 
positioned at tha slcin. In another aedical application, 
it is dasirabla to have an elastic core (nltinol) for 
conducting axial vibrations (sonic or ultrasonic) and a 
thin stiff cladding (stainless steel) in order to 

25 ainiaize traverse, vibrations which result in loss of 
energy. 

An aspect of the invention is a aetal aedical 
device vith at least a portion to be used within the body 
vith properties that can be tailored to a particular 

30 application. The portion is formed of preferably two or 
acre dissimilar metals joined together to form a unitary 
maobar. Topically, each aetal contributes a desirable 
property to tha device irtiich is not substantially 
impaired by tha presence of the other aetal. In 

35 particularly preferred devices, one aetal provides 
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enhanced radiopaclty. In these eabodiaencts, the medical 
device coaprises a metal outer aeaber having a 
predetermined density and an exposed outer surface and a 
core including a metal having a density greater than the 
5 ourer member to enhance radi opacity. The core is secured 
vithin and auhstantially enclosed by the outer member. 
Preferably, the medical component is in the form of a 
wire configured such that the mechanical properties, for 
example, the elastic properties, of the metal forming the 

10 outer mamber are affected by the core to a desired degree 
so that the vire has a desired overall performance 
suitable for its intended use. Preferably, the 
mechanical properties of the outer longitudinal member 
dominate the properties of the vire yet the radlopacity 

15 is substantially enhanced by the denser core. The 

invention also allows increased radiopacity of a metal 
medical device without adversely affecting and in mcmm 
cases improving other imporv«nt properties such as the 
biocompatibility, size or other performance 

20 characteristics. These performance advantages can be 
realized by proper selection of the material of the outer 
member and core, their relative size, and geometrical 
configuration. The performance characteristics of the 
component may be dictated by the medical device into 

25 which the radiopaque medical component is to be 
incorporated. 

The term "metal" as used herein includes 
electropositive chemical elements characterized by 
ductility, malleability, luster, and conductivity of heat 

30 and electricity, which can replace the hydrogen of an 
acid and forms bases with the hydroxyl radical and 
including mixtures including these elements and alloys. 
Kany examples are given below. 

In one aspect, the invention features a medical 

35 device having at least a portion for use within the body. 
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Thm portion includes an uctendad aetal outer meaber 
having an exposed outer surface and a core within the 
outer aember foraed of a oetal different than the aetal 
of the outer aeaber. The core is secured within and 
5 substantially enclosed hy the outer neober. 

Various preferred eabodinents aay include one or 
more of the following features. The extended metal outer 
member is comprised of a metal of predetermined density 
and the core is comprised of a metal having a density 

10 substantially greater than the outer meaber to enhance 
radiopacity of the device. The portion is in the form of 
a medical wire, wherein the metal outer member is a 
longitudinal member and the radiopaque core is positioned 
along the axis of the longitudinal member. The 

15 radiopaque core has a density of about 9.9 g/ec or 

greater. The core is selected frcm the group consisting 
of tungsten, tantalum, rhenium, iridium, silver, gold, 
bismuth, platinum and alloys thereof. The core has a 
modulus of elasticity of about 550 GPa or less. The core 

20 has a modulus of elasticity of about 200 GPa or less. 

The outer member is selected from the group consisting of 
superelastlc alloys, precursor alloys of superelastic 
alloys, stainless steel, and titanium and its alloys. 

The superelastical alloy Is nltlnol. The core is 

25 about 1 to 40% of the cross-*sectlonal dimension of the 
component. Tihm core is about 25% or more of the cross- 
sectional dimension of the component. l!h% core Is about 
28% or less of the cross-sectional dimension of the 
component. The eress*sectlonal dimension of the 

30 component is less than about 0.025 inch. The outer 

member ham a cross-section of about 0.0045 to 0.008 inch 
and the core member has a cross-section of about 0.0014 
to 0.00195 inch inner diameter. Tbe core is a solid 
metallic member. The outer member has portions of 

35 varying dimension. The outer member has a taper portion. 



wo 93/19803 



PCTAJS9V02871 



- 5 - 

The cora has a constant innar diaanslon in portiona 
corresponding to the varying outer dimension of the outer 
meffiber. The portion is in the for» of a medical 
guidewire. The portion is in the form of elastic leg 
5 members of a vascular filter. The outer member and core 
are of circular cross^sectional configuration. The 
portion is in the form of an ultrasonic probe. The probe 
is an elastic probe having a titanium core and nitinol 
outer member. The probe and core are constructed of 

10 materials of substantially different acoustic impedance. 
The acoustic energy is provided by axial excitation. 

In another aspect, the invention features a 
medical wire device having at least a portion for use 
within the body. The portion includes an extended 

15 longitudinal metal outer member having a predetermined 
density and an exposed outer surface and a continuous 
solid core positioned along the axis of the outer member 
including a metal having a density of about 9.9 g/ec or 
greater and greater than the density of the outer member 

20 for enhancing radiopacity of the wire. The core is 
secured within and substantially enclosed by the outer 
member and is about 10 to 50% of the cross-sectional 
dimension of the portion for use within the body. 

In various preferred embodiments, the core 

25 material is tantalum, the outer material is nitinol, and 
the cross sectional dimension of the portion is about 
0.025 inch or less. The outer member has a cross-section 
of about 0.0045 to 0.008 inch and the core member has a 
cross-section of about 0.0014 to 0.00195 inch inner 

30 diameter. The wire is in the form of a guidewire. The 
outer member has portions of varying dimension such as a 
taper portion. The core has a constant inner dimension 
in portions corresponding to the varying outer dimension 
of the outer member. The cross-sectional dimension of 

35 the portion is about 0.035 to 0.037 inch. The core is 
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about 0.005 inch in diameter. The coaponent is in the 
f oxn of elastic leg seabera of a vascular filter. 

In another aspect, the Invention features a method 
for medical treatment by providing a medical device for 
5 performing a desJxed treatment, incorporating on at least 
a portion of the device a radiopaque medical component, 
formed of a metal outer member having a predetermined 
density and exposed outer surface and a core including a 
metal having a density substantially greater than the 

10 outer member to enhance radiopacity, the core being 
secured within and substantially enclosed by the outer 
member, and introducing the portion including the 
radiopaque medical coaponent into the body, and observing 
the medical coaponent by x*ray fluoroscopy. 

15 In various preferred embodiments, the medical 

device is a guldevire and the medical c u ap un ent is a 
portion of the guldevire, the method further Including 
steering the guidevire through the body from the psroaeiaal 
end. Thm medical device is a vascular filter. 

20 In another aspect, the invention features a 

medical device capable of placement or manipulation in 
the body by means external of the body under guidance of 
a f luoroscope. The device is formed at least in part of 
an elongated vire-f arm metal member adapted to be 

25 subjected to elastic deformation to enable the device to 
be forced into a charaeteristic deformed configuration 
during a stage of use and to elastically self-recover 
from the deformation vhen deformation forces are 
relieved. The vire-fora aetal meaber is formed of a core 

30 of a first metal of a first selected thickness and an 
intimately surrounding sheath of a second selected metal 
of a second thickness, the first metal being a high 
density aetal that demonstrates characteristic relatively 
high radiopacity and the second aetal being a lover 

35 density metal having substantially acre elasticity than 
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t^tt first natal, the combin«d aftact of tha salaetad 
thiclcnaasas of the first ajid sacond aatals in tha vlra- 
f ora aaabar sarving to anhanca tha radio-opacity of tha 
wira-fora aambar to provida inprovad fluoroscopic or x- 
5 ray visualization of tha vira-fom aaahar in tha body 
vhila iaparting sufficient elasticity to enable tha wire- 
f ora aaabar to alastically self*recover froa its 
characteristic deforaed configuration. 

In various preferred eabodiaantS/ the vlre-fora 
10 aetal aeabar coaprisas a draw-fora. The second aetal is 
nitinol. The high density aetal is tantalua. The vira« 
fora aeabar coaprises the aain body of a aedical 
giiidevire. 

Description of the Preferred Fahodlaantr«^ 
15 We first briefly describe tha drawings. 

Pravlngj 

Pig. 1 is a longitudinal cross-sectional view of a 
aedical wire according to the invention; while Pig. la is 
a cross-sectional viav taken along the lines aa in Pig. 

20 i; 

Pig. 2 is a scheaatic illustration of a wire 
according to the invention in a stressed, bent 
configuration ; 

Pig. 3 is a graph of load versus displaceaent for 
25 several vires according to the invention; 

Pig. 4 is a view of a guidavlre of the Invention 
for Introduction into a body luaan; while Pig. 4a a 
cross-sectional view along lines bb, Pig. 4b is a cross- 
sectional view along lines cc in Pig. 4; and Pig. 4c is a 
30 greatly enlarged cross-sectional view of portion d of 
Pig. 4; 

Pig. 5 is a scheaatic of a blood clot filtration 
_devlce of the invention for iaplantatlon in a blood 
vessel; 
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Pig. 6 is a scb«matic illustration of an 
ultrasonic vire davica of tha invention and Pig. 6a is 
longitudinal cross-sactional viaw of a portion of anothar 
eabodlmant of an ultrasonic davica^ having air-f illad 
5 microspheras (shown graatly anlargad) at tha intarfaca of 
tha cora and outar maabar. 

Rafarring to Pigs. 1 and la, a prafarrad 
aabodiaant of tha invention ia a aadical vira 3 that 

10 includes a longitudinal outer aeabar 4 vith an axis 6. 
tha longitudinal aeabar 4 is f oraad of a aatal having 
desirable properties, such as high elasticity and 
biocoqpatibility of its esqposed outar surface 7. {Thm 
surface 7 aay include a non-aetal coating of, e«g., 

15 fluorocarbons, silicones, hydrophilic and lubricous 
biocoapatible aaterials.) About tha axis 6 is a cora 
aatarial 8 including a metal vith a density greater than 
the longitudinal aaaber 4 to enhance tha radiopacity of 
tha vira. The core 8 is bonded to and substan t ially 

20 enclosed by tha outar aeabar 4 such that it does not have 
any substantial exposed surface and therefore doas not 
contact body tissua vhen positioned vithin the body 
during use. 

As illustrated, preferably tha cora 8 is a 

25 continuous solid aeabar in intiaata contact and bondad 
vith tha outar maaber 4 without tha formation of 
substantial voids in tha Intarfaca 10 between tha cora 
and outer aeabar. Preferably, tha elastic propartias of 
tha vira 2 are doainatad by tha elastic properties of tha 

30 longitudinal r*»**^ 4. ^a core aatarial 8 enhances tha 
radiopacity of tha vira 2 but preferably doas not 
substantially affect tha aechanical parf oraanca of tha 
_yire. In preferred eabodiaents, the cross-sectional 
diaansion of tha core (d^) is Isss than about 70% (bat 
35 typically greater than about 1% or 10%) of tha outar 
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cro«s-««ctional diaansion (dg) of the wire, nore 
preferably between about 40% and 25%. The wire is 
especially useful in applications where the aedical 
device must be sized saall, such as for use in the 
5 vascular aystea, for exanple. as a guidewire tip which 
has an outer diaension (d^) of less than abaut 0.015 
inch, e.g., even less than 0.0075 inch and for which less 
dense aetals are required for advantageous elastic 
properties. The invention is particularly useful for 
10 enhancing radiopacity of devices with diaensions of about 
0.025 inch or less. 

Referring to Pig. 2, the wire 2 is shown in a bent 
position, as it aay be, for example when in use in a 
device positioned within the body. The inner and outer 
15 portions (i) and (o), experience a wide range of tension 
and compression as the wire is bent. An advantage of the 
invention, is that by positioning the core aaterial 8 
near the axis 6, the range of tension and concession 
iaposed on the core is reduced and a wide latitude of 
20 dense, substantially radiopaque materials can be used 
which would otherwise might not be suitable for their 
response to bending or other mechanical properties. 

The relative dimension of the core and outer 
member and the particular materials used for these 
25 elements are selected based on the desired over-all 

mechanical properties of the wire and the degree to which 
x-ray visibility is to be enhanced, since the core 
affects the mechanical properties of the wire cohered to 
a solid wire formed of the outer material, and the 
30 radiopacity is a function of the sum of the mass between 
an x-ray beam source and detector. For example, large 
devices or devices with overlapping portions, may require 
JLess radiopaque material to provide sufficient 
visibility. Similarly, the location of use in the body 
35 may affect the amount of dense material needed for 
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sufficient; visibility. Thm visibility of a dsvics can b* 
testad by )cno«n tacfaniquas such as AS7M Oasignation F640* 
79 "Sta n dard Test Mathod for Radiopacity of Plastics for 
Madical Use", in this tast, tha background dansitias 
5 which may ba ancountarad clinically ara miaiclcad by an 
aluminum plata positionad ovar tha vira having various 
thicicnassas. 

Tha propartias of tha outar mambar matal and cora 
which may ba considarad includa dansity, modulus of 

10 elasticity (in annaalad and hardened states), 

biocoivatability (primarily a factor for the material of 
the outer longitudinal aambar) , f lexoral stiffness, 
durability, tensile and ccopression strength, acoustic 
iTnp e rtanr e (as discussed in a further embodiment below) 

15 and the required radiopacity and resolution. 

Preferably, for elastic members, the outer member 
is formed of a continuous solid mass of a hi^ay elastic 
biocompatible metal such as a superelastic or pseudo- 
elastic metal alloy, for example, a nitinol (e.g., 55% 

20 nidcel, 45% titanium). Other examples of superelastic 
materials include, e.g., Silver-*Cadmium (Ag*Cd) , Gold- 
Cadmium (Au-Cd) , Gold-Copper*Zinc (Au-Cu-Zn) , Copper- 
Aluminum-Nidcel (Cu-Al-Hi) , Copper-Gold-Zinc (Cu-Au-Zn) , 
copper-Zinc (Cu-Zn) , Copper-Zine-aluminnm (Cu-Zn-Al) , 

25 Coppar-Zinc-Tin (Cu-Zn-Sn) , Copper-Zinc-Xenon (Cu-Zn-Xe) , 
Iron Beryllium (PejBe) , Iron Platinum (FejPt) , Indium- 
Thallium (In-Tl), iron-manganese (Fe-Mki) Nickel-Titanium- 
Vanadium (Hi-Ti-V), Iron-Hldcel-Titanlum-Cobalt (Fe-Hi- 
Ti-co) and Copper-Tin (Cu-Sn) • See Schetslcy, L. 

30 McDonald, "Shape Kemory Alloys", Bnevelopadia of chenieal 
Tachnolomr (3rd ad.), John Wiley & Sons, 1982, vol. 20. 
pp. 726-736 for a full discussion of superelastic alloys, 
other exaaples of aetals suitable for the outer meaber 
include stainless steel, titanium and various alloys of 

35 these metals and the precursor of superelastic alloys. 
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Precursors of auparslastic alloys are those alloys which 
have the saae chemical constituents as superelastic 
alloys, but have not been processed to ixpart the 
superelastic property, such alloys are further described 
5 in ro-owned and co-pending U.S. Serial Ho, 07/507,375, 
filed April 10, 1990, the entire contents of which is 
hereby incorporated by reference. 

The core material is preferably a continuous solid 
nass, but may also be in a powder-form. The core 

10 includes a metal that is relatively dense to enhance 

radlopacity. Preferably, the core metal has a density of 
about 9.9 g/cc or greater. Most preferably, the core is 
formed of tantalum (density - 16,6 g/cc). other 
preferred materials and their density include tungsten 

15 (19.3 g/cc), rhenium (21.2 g/cc), bismuth (9.9 g/cc), 
silv«: (16.49 g/cc), gold (19.3 g/cc), platinum (21.45 
g/cc), and iridium (22.4 g/cc). in some cases barium can 
be used in the core. The core may be formed of alloys 
such as those including the above materials. Typically, 

20 the core is somewhat stlffer than the cuter membrane. 
Preferably, the core metal has a low modulus of 
elasticity, e.g., preferably below about 550 GPa, e.g., 
such as tantalum (186 GPa) . A smaller difference between 
the modulus of elasticity between the outer material and 

25 core, results in a smaller variation of the modulus from 
that of the outer material in the wire of the invention. 
For larger differences, a smaller core may be used so as 
to produce a wire in which the elastic properties are 
dominated by the outer material. 

outer member and core may be in many cross- 
sectional geometric configurations, such as circular, 
square, triangular, hexagonal, octagonal, trapesoidal and 
^e geometrical configuration of the core may differ from 
that of the longitudinal member. For example, the wire 

35 may be rectangular in cross-section with a rectangular 
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cor« or triangular or haacagonal in cross-saction vith a 
circular cora. iha vira may alao taJca on tha fom of 
tubing with a luaan vithin tha cora axtanding along tha 
axis of tha vira. Tha vira aay alao includa auccaaaiva 
5 layars of diffarant Batals to form a compoaita ayatam. 
a!ha cora may axtand intarmittantly along tha axia in a 
daairad pattam. 

Tha madical davica may ba formad, for axampla, by 
drilling a ralativaly larga rod of tha outar mambar 

10 matarial to form a luman, poaitioning a rod of cora 
matarial in tha luman, aaaling tha anda of tha luman, 
a.g«, by criiq>ing and draving aa Icnovn in tha art, 
through a aeriaa of diaa of daeraaaing diamatar until tha 
daairad outar diamatar ia achiavad. Tha davica may ba 

15 haat traatad to annaal, hardan or impart at^aralaatic 
propartiaa. Othar mathoda of formation may ba, a.g., by 
coating tha cora vith tha daairad outar matarial much aa 
by alactro-- or alactrolaaa plating. Tha matariala uaad 
in tha outar mambar and cora ara alao aalactad baaad on 

20 thair vmrkability for forming tha vira, including factora 
such aa machinability, for forming tha longitudinal 
mambar into a tubular piaca and tha cora mambar into a 
rod ahapad piaca, atability in gaaaoua anvironmanta at 
annaaling taaparaturaa, propartiaa ralatad to vmlding, 

25 draving, forging, avaging, tha ability to accapt coatinga 
such as adhaaivaa, polymara, lubricants and practical 
aspacta such as cost and availability, 
othar axamplas follov. 
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Exanplft 1 

A 500 foot length of wire (0.0052 inch in 
diaa«t«r) having an outer meaber foraed of a precursor of 
a nitinol (55% Ki/45% Ti) euperelastic alloy and a core 
5 material of tantalua (0.00175 inch in diaaeter) is foraed 
by drilling a 0.25 inch diaaeter bore in a 0.75 inch rod 
of the outer aeaber material and providing in the drilled 
luMen a tantalua meaber of substantially aatched outer 
diaaeter. The rod is mechanically forged in a standard 

10 hot forging and rolling apparatus, then haaaered such 
that no substantial voids between the core and outer 
longitudinal aeaber are present, one exid of the rod is 
sealed and the opposite end is cold drawn longitudinally 
through a dye to the final diaaeter. Initially, the 

15 outer aeaber of the wire is the precursor of a 

superelastic alloy, i.e., it has not been heat treated to 
impart the superelastic property. 

^•^•nring to Fig. 3, load versus displaceaent 
curves are illustrated. (For clarity, curves C, D and A 

20 are offset, successively, 0.025 inch on the x-axls.) 
Curve A illustrates the wire as discussed in the above 
paragraph prior to heat annealing which induces the 
superelastic property; the wire exhibits substantially 
linear elastic strain as a function of stress to a break 

25 point z. curves B, c, D illustrate stress/strain curves 
after annealing the wire at 460»C for 3 minutes, 5 
ainutes and 15 ainutes, respectively. As thes« curves 
illustrate, the superelastic nature of the wire is 
substantially preserved, as evidenced by the substantial 

30 plateaus (p) on the stress/strain curve, despite the 

presence of the tantalua core. Also as illustrated, the 
•^Ms at which constant displaceaent occurs decreases 
^ith increasing annealing, as would be expected with a 
sixperelastic aaterial. The mechanical properties of the 
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vlTtt, thmmtorm, are dominated by ths nitlnol alloy, 
dttspite the presence of the tantalum core. 

Referring to Table 1, the modulus of elasticity 
emd platea.u stress calculated based on stress^strain 
5 measurements as above, are crmpared for the vires of the 
invention and a solid vire of Hi-Tl alloy. 
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25 As the results in Table I illustratSr the modulus 

of elasticity of the vires of the invention vas varied 
less than 30% compared to the solid Hi-Ti vire. The 
plateau stress of the vires of the invention using a 
auperelastic outer member vas varied less than about 10% 

30 compared to a solid Ni«-Ti superelastic vire. The vire 
formed as described exhibits about 30% or more enhanced 
x-ray visibility over a vire of the same thickness formed 
of solid material. Preferably, vires as described, 
dominated by the mechanical properties of the outer 

35 superelastic member and exhibiting generally satisfactory 
radiopecity have outer diameter (dg) of about 0.008 to 
^.0045 inch vith a core diameter (d^) of about 0.0014 to 
0.00195 inch. 
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R*f«rriJig nov to Fig. A, a guldavlr^ is Bham of 
the type introduced into the body luaen, e.g., a blood 
vessel for positioning, for exaaple, a catheter or the 
5 liXe. The guidevire 60 includes a proxiaal body section 
62 of constant diameter, a taper 64 and a dietal end 66 
of constant, saaller diameter than the body section 62. 
Referring to Fig. 4a, in the preferred eabodiaent, the 
outer diaaeter of the proxiaal end 62 is dp^ about 0.038 

10 inch and the diaaeter of the core is, dp^, about 0.003 
inch. Referring to Fig. 4b, at the distal end 66, the 
outer diaaeter is d^ about 0.005 to 0.008 inch and the 
core is d^^ about 0.003 inch. In the taper 64, only the 
outer aeaber 4 tapers to reduced diaaeter, vhile the core 

15 remains of constant diaaeter. Such a wire aight be 

formed by preparing a speciaen of the outer aaterial with 
an inner luaen, drawing the outer aaterial to fora the 
taper and reduced diaaeter distal portion, followed by 
positioning the core in the luaen. Alternatively, the 

20 structure of Figs. 4 et seg. could be formed froa a. vire 
of constant diaaeter outer aeaber and core and reaoving 
portions of the outer aeaber, e.g., by grinding, to leave 
a relatively lower ratio of outer member to core in the 
taper and distal end. Alternatively, the core may taper 

25 at the same position as the outer member tapers by 

drawing the wire to form the taper after positioning the 
core within the outer material. The radiopaque core 
preferably extends the length of the wire so that the 
entire wire can be imaged, allowing viewing of the length 

30 of a tortuous body lumen. The cored wire may also be 
used as the distal tip of a conventional wire. The 
guidewire may also include a coil spring, e.g., about the 
distal tapered region, and /or incorporate a polymer 
coating. As trail as iaproving the radiopaeity, the cored 

35 wire can be tailored to exhibit other advantageous 
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faatOTM, sach as enhanced tensile strength by using a 
core material that has this property. 

Referring to Fig. 5, a vire of the invention say 
5 also be used in a blood clot filtration device of the 
type positioned vithin a blood vessel. The filtration 
device 50 includes a nose cone 52 dovnstreaa relative to 
blood flow 58 and a series of legs 54. Tbe legs include 
hooX aesbers 102 vhich are eabedded in the vail 55 of the 

10 body lunen to secure the filter therein. A filter of 
this type is further described in Bens U.S. 4,817,600 
and £l-Nou Nou U.S* 5,059,205, the entire contents of 
which are hereby in cor p or ated by reference. The vires 54 
are formed as described herein including a radiopaque 

15 core vithin an elastic longitudinal aenber. Preferably, 
the overall dias&eter of the vire is 0.035 to 0.037 vith a 
core diaaeter of about 0.005 inch. The outer acaber is 
preferably nitinol, stainless steel or titaniua and the 
core is tantalua. It vill be understood that saaller 

20 diaaeti^ vires for saaller filtration device legs aay 
also be used, in vhich case, a dense core is particularly 
useful for enhancing radiopacity. 

Referring now to Figs. 6 and 6a, an ultrasonic 
25 device 70 is shovn to include a vire 72 including an 
inner core 74 and an outer aeaber 76. The vire 72 
extends froa a proxiaal end 78, attached to an ultrasonic 
source aechanisa 80, to a distal end 82 vhich is 
positioned at a location vhere ultrasonic energy is to be 
30 delivered. Briefly, the source 80 includes a claaping 
aechaniaa 86 to coi^le the core near the distal end 78 of 
the vire to a diaphraga 88 vhich is vibrated 
ultrasonlcally by a piston transducer 90. The transducer 
90 includes a phosphorous-bronze bell 92 vhose tsnsion 
35 may be adjusted by screv aeaber 94. The aagnetic field 
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from coils 96 cause ths transducer to vibrate vhen 
electrical energy is supplied through leads 98. Cooling 
vents 100 surround the coils 98. Ultrasonic energy 
supplied by the aechanisa 80 to the core at the proximal 
5 portion 78 of the wire is transmitted through the core to 
the distal end 82 where it can be utilised to treat 
tissue. Referring to Pig. 6a, in some embodiments, the 
core 74 is bonded to the outer member 76 at intermittent 
points, leaving therebetween air^filled microspheres 102 
10 which impede the transmission of ultrasonic energy 
laterally. The microspheres could be produced by 
machining grooves into the core or outer member before 
assembly. 

By proper selection of the outer and core metals 

15 enhanced transmission of ultrasonic energy through the 
core may be achieved while minimizing lateral mode losses 
through the outer material. Preferably, the metals are 
selected based on their acoustic impedance (Z^, Z]) to 
induce internal reflection of acoustic waves propagating 

20 off axis. An advantage of the system is that lover power 
may be applied so that the transmission system operates 
at loirer temperature. The outer member can further be 
selected to reduce vibration. A preferred embodiment of 
an elastic probe employs high acoustic transmitting 

25 titanium at the core and nitinol as the outer member. In 
another embodiment, the core member may be for example, 
nitinol and the outer member stainless steel. In another 
embodiment, the core is tantalum. The outer member could 
also be formed of a non-metal, e.g., carbon or glass. 

30 The ultresonnd energy could be used to ablate tissue, 
enhance delivery of drugs and induce relaxation of 
tissue, e.g., tumors and in eye surgery e.g., to dissolve 
^ataraets. Itie acoustic energy can be provided to the 
probe by axial excitation as illustrated above or by 

35 torsional excitation or a combination thereof. 
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The Invention can be eabodied in exaaples too 
mmeroiifl to aention, as vill be xinderstood by those 
s)cilled in the art. While the preferred embodiaent 
5 described herein is in the form of a vJxe, it vill be 
realized that aedical caaponents could be of various 
shapes and configurations including e.g., a radiopaque 
core and less dense outer menber. In other eabodiaents, 
the outer aeaber is substantially more radiopaque (e.g«, 
10 tantalum) canpared to the inner aeaber (m.g., stainless 
steel) , for exaaqple, for use in guidevire applications to 
provide a highly radiopaque vire with enhanced 
flexibility. 

Other eabodiaents are in the following claias. 
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1. A flMdical davice having at least a portion 
for us« vithin thm body, said portion coapriaing: 

an axtandad metal outer meaber having an 
5 exposed outer surface, and 

a core vithin said outer neaber conprising a 
aetdl different -chan the mecal of said outer ae&ber, 

said core being secured vithin and 
substantially enclosed by said outer meaber. 

10 2. The medical device of clala 1 vhereln said 

extended metal outer meaber is comprised of a metal of 
predeterained density and said core is coaprised of a 
metal having a density substantially greater than said 
outer aeaber to enhance radiopacity of said device. 

15 3. The aedical device of clala 2 vhere said 

portion is in the fora of a aedical vlre, vhereln said 
aetal outer aeaber is a longitudinal aeaber and sai(l 
radiopaque core is positioned along the axis of said 

longitudinal aeaber. 

20 4. The aedical device of clala 3 vhereln said 

radiopaque core has a density of about 9.9 g/cc or 
greater. 

5. The aedical device of clala 4 vhereln said 
core is selected froa the group consisting of tungsten, 
25 tantalua, rheniua, Irldiua, silver, gold, bismuth, 
platinua and alloys thereof. 

_ 6. The aedical device of clala 4 vhereln said 

core has a aodulus of elasticity of about 550 GPa or 
less. 
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7* Tha nadical davlca of claia 6 vherttin said 
cor* has a nodalus of alas^city of ateut 200 GPa or 
less. 

8. Ths Bsdlcal dftvica of claia 3 vharsln said 
5 outsr sfiBbsr Is salsctsd froa ths group consisting of 

auperslastlc alloys, prscursor alloys of supsrslastic 
alloys, stainlsss stssl, and titanim and its alloys. 

9. The msdical davica of clala 8 vharain said 
superelastical alloy is nitinol. 

10 10. Ttia aadical davica of claim 1 or 3 vharain 

tha cora is about 1 to 40% of tha cross-sactional 
diaansion of said componant. 

11. Tha aadical davica of claia 10 vharain tha 
cora is about 25% or aora of said cross-sactional 

15 diaansion of said conqponant. 

12. Tha aadical davica of claia 11 ^arain tha 
cora is about 28% or lass of tha cross*sactional 
diaansion of said cooponant. 

13. Tha aadical davica of data 1 or 3 vharain 
20 tha cross-saetional diaansion of said coaponant is lass 

than about 0.025 inch. 

14. Tha aadical davica of claia 13 vharain said 
outar aaabar has a cross-saction of about 0.0045 to 
0.008 inch and said cora aaabar has a cross saction of 

25 about 0.0014 to 0.00195 inch innar diaaatar. 

~ 15. Tha aadical davica of claia 1 or 3 vharain 

said cora is a solid aatallic aaabar. 
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16. Thm aadical davica of claia 3 vhttr«in said 
outar maobar has portions of varying diaansion. 

17. Tha aadieal davica of claia 16 vfaarain said 
outar Liaabar has a tapar portion. 

5 18. Tha aadical davica of claim 17 vharain said 

cora has a constant innar diaansion in portions 
corrasponding to said varying outar diaansion of said 
outar aaabar. 

19. Tha aadical davica of claia 1 or 3 vharain 
10 said portion is in tha fora of a aadical guidavira. 

20. Tha aadical coaponant of claia 1 or 3 vharain 
said portion is in tha fora of alastic lag aaabars of a 
vascular filtar. 

21. Tha aadical davica of claia 1 or 3 vharain 
15 said outar aaabar and cora ara of circular cross- 

sactional configuration. 

22. Tha aadical davica of claia 1 vharain said 

portion is in tha fora of an ultrasonic proba. 

23. Tha aadical davica of claia 22 vharain said 
20 proba is an alaatic proba having a titaniua cora and 

nitinol outar aaabar. 

24. Tha aadical davica of claia 22 ^arain said 
proba and cora ara constructad of aatarials of 
sxibstantially diffarant acoustic iapadanca. 

25 ~ 25. Tha aadical davica of claia 22 Marain 

acoustic anargy is providad by axial axcitation. 
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26. A modical vixe device having at least a 
portion for use vithin the body, said portion further 
conprising: 

an ertended longitudinal metal outer member 
5 having a predetermined density and an exposed outer 
ourfacer and 

a continuous solid core positioned along the 
axis of said outer member including a metal having a 
density of about 9.9 g/cc or greater and greater than the 
10 density of said outer member for enhancing radiopacity of 
said wire, 

said core being secured vithin , and 
substantially enclosed by said outer member and being 
about 10 to 50% of the eross*sectional dimension of said 
15 portion for use vithin the body. 

27. ^me device of claim 26 vherein the core 
material is tantalum. 

28. The device of claim 27 vherein the outer 
material is nitinol. 

20 29. The device of claim 26 or 27 irtierein the 

cross sectional dimension of said portion is about 0.025 
inch or less. 

30. The device of claim 29 vherein said outer 
member has a eross^sectlon of about 0.0045 to 0.008 inch 

25 and said core member has a cross section of about 0.0014 
to 0.00195 inch inner diameter. 

31. The device of claim 26 or 28 vherein said 
vire is in the form of a guldevire. 
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32. The madical device of claim 31 irtierein said 
outer aeaber has portione of varying dinexiaion. 

33. The medical device of claim 32 wherein said 
outer member has a taper portion. 

5 34. The medical device of claim 33 wherein said 

core has a constant inner dimension in portions 
corresponding to said varying outer dimension of said 
outer member. 

35. The device of claim 34 wherein the cross 
10 sectional dimension of said portion is about 0.035 to 

0,037 inch. 

36. The device of claim 35 wherein said core is 
about 0.005 inch in diameter. 

37. The medical component of claim 26 or 28 
15 wherein said portion is in the form of elastic leg 

members of a vascular filter. 

38. A method for medical treatment comprising: 
providing a medical device for performing a 

desired treatment, 
20 incorporating on at least a portion of said device 

a radiopaque medical component , comprising 

an extended metal outer member having a 
predetermined density and exposed outer surface, 

a core including a metal having a density 
25 substantially greater than said outer member to enhance 
radiopecity, 

said core being secured within and 
"substantially enclosed by said outer member, and 
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introducing said portion including said radiopaque 
medical component into the body, and 

observing said medical component by x-ray 
fluoroscopy. 

5 39. The method of claim 38 vherein said medical 

device is a guldevire and said medical component is a 
portion of said guidevire, said method further including 
steering said guidevire through the body from the 
proximal end. 

10 40. The method of claim 38 wherein said medical 

device is a vascular filter. 

41. A medical device capable of placesMnt or 
manipulation in the body by means external of the body 
under guidance of a fluoroscope, said device comprised at 

15 least in part of an elongated vire-f orm metal member 

adapted to be subjected to elastic deformation to enable 
the device to be forced into a characteristic deformed 
configuration during a stage of use and to elastically 
self-recover from said deformation %rhen deformation 

20 forces are relieved, said vire*form metal member 

co^rised of a core of a first metal of a first selected 
thickness and an intimately sur ro un ding sheath of a 
second selected metal of a second thickness , said first 
metal being a high density metal that demonstrates 

25 characteristic relatively high radiopacity and said 
second metal being a lower density metal having 
substantially Bore elasticity than said first metal , the 
combined effect of the selected thicknesses of said first 
and second metals in said wire-form member serving to 

30 Mhance the radio-^acity of said wire-form member to 
provide improved fluoroscopic or x-ray visualisation of 
said vire-f orm member in the body while imparting 
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sufficient elasticity to enable the wire-fora meaber to 
elastically self-recover from its characteristic deformed 

configxiration. 

42. The medical device of daia 41 wherein said 
5 wire-fora aetal aeaber coaprises a draw-fora, 

43. The medical device of claia 42 wherein said 
second aetal is nitinol. 

44. The aedical device of claia 43 wherein said 
high density aetal is tantalua. 

0 45. The aedical device of claia 41, 42, 43 or 44 

wherein said wire-fora aeaber comprises the aain body of 
a aedical guidewire. 
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